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Executive Summary
NDA 21-166 (ESTROGEL®, IND 29,020) for the topical 0.06% (w/w) estradiol in hydroalcoholic gel
to treat postmenopausal symptoms was submitted on August 13, 1999 by Unimed Pharmaceuticals,
Inc. Numerous companies contributed to the content of NDA 21-166. Briefly, Laboratories Besins
Iscovesco, through its US agent, LaSalle Laboratonies, Inc., submitted IND 29,020 and NDA r
for ESTROGEL?® in the late 1980s. NDAL 1) for ESTROGEL® was found to be non-approvable
on August 17, 1990. On July 1, 1990, IND 29,020 and NDA T 1 were transferred to Schering-
Plough Corporation. On April 26, 1994, IND 29,020 and NDA C T were transferred from
Schering-Plough Corporation to Bristol-Myers Squibb. On March 25, 1997, IND 29,020 and NDA ©
1 were transferred from Bristol-Myers Squibb to LaSalle Laboratories. On July 2, 1997, Solvay
Pharmaceuticals, Inc. acquired the product registration rights for ESTROGEL® from LaSalle
Laboratories. On August 9, 1999, IND 29,020 was transferred to Unimed Pharmaceuticals, Inc.
ESTROGEL® is marketed in Europe by Laboratories Besins Iscovesco (Paris, France) as
OESTRODOSE®, OESTRACLIN®, and OESTROGEL®. The sponsor submitted the results of 10
studies (§1661002, S1661003, MK1.2593, AD1245H/960EST01, 9566.01.01, 92 OGEL 01, H832-
13074-01, 97-OEST-01, CV141-001, and CV141-002) to support the Human Pharmacokinetics and
Bioavailability section of NDA 21-166 on August 13, 1999.

An optional Intra-Division Clinical Pharmacology and Biopharmaceutics Briefing for NDA 21-166
was conducted on May 15, 2000. Participants included J. Hunt, A. Parekh, R. Agarwal, D. Spell-
LeSane, and J. Lau. Because the sponsor was under Application Integrity Policy (AIP), NDA 21-166’s
review could not be continued. After the AIP removal, the sponsor responded to the reviewer’s former
questions via NDA 21-166 NOOOBZ on June 16, 2003. The sponsor submitted the reports of Studies
UMD-01-078 (transfer potential/washing) and Study UMD-00-073 (application sites) via IND 29,020
serial 110 on September 26, 2003 to further support NDA 21-166. Hence, this is a revised review for
the updated Human Pharmacokinetics and Bioavailability Section of NDA 21-166. The sponsor
intends to market the 1.25 g .L 71 of 0.06% (w/w) ESTROGEL® dispensed via both pump and
tube. However, the approval of both doses will be based on the clinical safety and efficacy findings.

The unadjusted estradiol AUC and Cpa were not dose proportional among single doses of 0.625 (1.25
g of 0.03%), 1.25, and 2.5 g of 0.06% ESTROGEL®. However, the geometric mean AUC and Cpay for
unadjusted estradiol were linearly related to the 3 single doses studied.

It appears that steady state serum estradiol concentrations were reached after 3 days of daily 2.5 g of
0.06% ESTROGEL® topical application to the 2 arms of subjects. Upon 14 days of daily topical




application of 1.25 g of 0.06% ESTROGEL® to 1 arm, the estimated mean accumulation index for the
unadjusted plasma estradiol AUCy.24 and Cpax were 3.33 and 3.07, respectively.

Per AUC 924y and Ciax values for E,, Ey, and E, sulfate for the naive patients after 15 minutes contact
with dosed subjects (single and multiple daily doses of 1.25 g of 0.06% ESTROGEL® for 14 days), the
estradiol gel was either not transferred to naive subjects or the transferred estradiol gel did not
significantly increase the estradiol exposure from baseline in the naive subjects. In general, washing
the application site | hour postdose decreased about 25% of the unadjusted estradiol exposure. Per the
25¢g ESTROGEL® application, estradiol absorption depended on application surface area.

The 0.06% estradiol gel formulation used in the 2 clintcal safety and efficacy studies (CV141-001 and
CV141-002) contained L 7 5 w/w ethanol and the to-be-marketed formulation contains T 1% w/w
ethanol. The ethanol (excipient) difference between the 2 formulations & 7 isa Level I change per
*“Guidance for Industry, Nonsterile Semisolid Dosage Forms, Scale-Up and Postapproval Changes:
Chemistry, Manufacturing, and Controls; In Vitro Release Testing and In Vivo Bioequivalence
Documentation.” No in vivo bioequivalence documentation is recommended for the Level | change.
The sponsor conducted a study and demonstrated the similarity in in vitro estradiol release between
these 2 formulations.

The sponsor confirmed via NDA 21-166 N-000-BM on January 15, 2004 that with the exception of
Study UMD-01-078, subjects were allowed to apply the gel over the inner and outer surfaces of the
arm 1n both the pivotal and clinical pharmacology studies. Subjects in clinical pharmacology studies
might apply ESTROGEL® on the inner and/or outer side of arms and might apply ESTROGEL® to
varying surface areas. Hence, the different application locations on the arm and application surface
arcas might add more variability to the transdermal absorption of estradiol and the pharmacokinetic
parameters for estradiol and estrone in the clinical pharmacology studies.

Recommendations

The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical Evaluation 11
(OCPB/DPEII) reviewed the Human Pharmacokinetics and Bioavailability section for NDA 21-166
and finds it acceptable. The sponsor should receive this comment “The sponsor is encouraged to
develop an in vitro estradiol release test and define the estradiol release specifications for
ESTROGEL® to evaluate potential postapproval changes.”

S.W. Johnny Lau, R.Ph., Ph.D.
OCPB/DPEII

FT signed by Ameeta Parekh, Ph.D., Team Leader 2/ 2004




The following questions, based on the content of NDA 21-166, guided this review.

1. What is ESTROGEL®?

It is a clear, colorless, topical hydroalcoholic gel that contains 0.75 mg estradiol (Ez) in 1.25 g gel
(0.06% w/w) and is stored in a non-aerosol, metered-dose pump. Each individually packaged pump
contains 80 g of gel and is capable of delivering sixty-four 1.25 g doses.

2. What is the proposed indication for ESTROGEL®?
Treatment of:
1. moderate to severe vasomotor symptoms associated with menopause

2. wvulval and vaginal atrophy
3. © 3

3. How does ESTROGEL® work?
ESTROGEL® functions as a continuous topical estrogen replacement therapy.

4. What are the adverse effects of E; (from formulation not related to ESTROGEL®)?
Prolonged and particularly continuous use of E; without progestins may lead to endometrial
hyperplasia, and rarely, to endometrial carcinoma.

5. What are the studies that support the Human Pharmacokinetics (PK) and Bioavailability (BA)
section of NDA 21-166?

ESTROGEL® Study Review Question
Dose response TCV141-001, CV141-002 7
Dose proportionality $1661002, CV141-001, CV141-002 12

Single dose PK 51661002, S1661003 12,14

Multiple dose PK UMD-01-078, 51661003 13
Relative PK to transdermal patch MKL2593 15
Transfer potential & washing effect UMD-01-078 16
Relative BA of application sites UMD-00-073 17
Surface area of application 92 OGEL 01 18
Ineffectiveness of the lowest dose S1661003, CV141-002 19
In vitro release 9566.01.01 21

'CV141-001 and CV141-002 are the clinical safety and efficacy studies that support NDA 21-166.

Studies H832-13074-01 and 97-OEST-01 examined the [*C]-E; transfer potential for 0.165 g gel dose and
formulations that were similar to ESTROGEL®. Study UMD-01-078 used the to-be-marketed formulation.
Hence, only Study UMD-01-078’s review is presented in Question 16.

Study AD1245H/960ESTO1 examined E; topical gel formulation that was not relevant for NDA 21-166.
Hence, it is not presented in this review.

6. What is the proposed dose and mode of administration for ESTROGEL®?
The initial dose is 1.25 g ESTROGEL® applied to the skin once daily. C

’ 7
ESTROGEL® U ) 1 TI'he arm, from wrist to shoulder,
is the recommended area of application.

7. How is the ESTROGEL® dose determined? ,

The sponsor investigated dose-responsc relationship for different ESTROGEL® doses in studies
CV141-001 and CV141-002. In study CV141-001, 2.5 g ESTROGEL® dose was the most effective
dose in reducing the frequency of moderate-to-severe hot flushes and alleviating the severity of all hot

3




fiushes than placebo. The 1.25 g ESTROGEL® dose showed improvement over placebo. Study
CV141-002 demonstrated that the 2.5 g ESTROGEL® dose was the most effective ESTROGEL® dose
in reducing the frequency and severity of hot flushes. Thus, 1.25 g ESTROGEL® was proposed as the
starting dose ¢ T - h 7 Refer to medical officer’s (Dr. Phill
Price) review for more dose-response details.

8. What are the bioanalytical methods used in NDA 21-1667
Bioanalytical assays including validation for E;, unconjugated estrone (E;), and total E, in plasma’
samples for Studies S1661002, S1661003, MKL2593, UMD-01-078, and UMD-00-073 follow:

E' E’S Total E," E.! E E: E’ E.S0, E;* E!' E.SO.!
pg/mL pg/mL pg/ml. pg/mL pg/ml pg/mL pg/mL ng/mL pymL _ pg/ml  pp/ml

Method
LLOQ t
Linearity .

Accuracy,
Ya recovery
mtra-day
inter-day

Precision,
% CV

intra-day 3
inter-day

¥ = except Study MKL2593 for serum samples but bioanalytical method was validated with plasma samples.
Study UMD-01-078 collected serum samples
"= Studies S1661002 and S1661003
' = Studies MKL2593
"= Study UMD-00-073
® = Study UMD-01-078. Both E; and E, were measured via radioimmunoassay (RIA) after C

1 E 80, was measured as E, after incubation with sulfatase. Specificity for
E; was evaluated via 25 structurally similar steroids. E, and E, demonstrated cross reactivity with the antibody
of L 3, respectively. These compounds were separated from E, by chromatography. All other steroids
crossreacted T J Specificity for E, was evaluated via 22 structuratly similar steroids. E, cross reacted & 7
with the antibody, it was separated chromatographically. Equilin cross reacted£ 3 and was not present in
humnan serum. All other steroids cross reacted £ 7. Recovery for E; and E; approaches £ 7 Those were
inter-batch precision values for E,, E,, and E,SO, instead. .
~

LLOQ = lower limit of quantitation
NA = not available

Studies CV141-001 and CV141-002 (pivotal clinical studies) used the same RIA method (with hexane:ethyl
acetate ©© T extraction) as that for Study UMD-01-078 to measure E; and E,. The LLOQ for E; and E, were

2 pg/tube and the standard curve was T The recovery for E, and E, through the method (*H-
E; and *H-E,) were both about T ~J For E;: intraassay accuracy was L T from .C T mLand

1 mL and the interassay accuracy was T T %. Intraassay precision was C 3 5 and the
interassay precision was T "1 For E;: Intraassay accuracy was .[ T, from T __ ==L and
C .. 7 mL and the interassay accuracy was T 7 Intraassay precision was T o and the
interassay precision was C 7



9. What is the clinical PK of E; (via formulation not related to ESTROGEL®)?

Absorption

E; is well absorbed in the gastrointestinal tract (Dollery s Therapeutic Drugs Vol. 2 Churchill
Livingstone 1991 page 4). E, is extensively metabolized to E, in the gut and liver with high systemic
Ei:E, ratio. Transdermal E; administration may lead to systemic E,:E; ratio resembling
premenopausal condition. Refer to questions 12 ~ 18 below for transdermal absorption of E; from
ESTROGEL®.

Distribution

The apparent volume of distribution is 9 - 15 L, despite E; is a highly lipophilic drug (Dollery s
Therapeutic Drugs Vol. 2 Churchill Livingstone 1991 page 4). E, is 50.3% bound to sex hormone
binding globulin and 47.7% to albumin (Langley et al. JNCI 75:823 1985).

Metabolism

E; is converted to E; via 17-hydroxysteroid dehydrogenase and unconjugated E; can be reduced back
to Ez (Dollery’s Therapeutic Drugs Vol. 2 Churchill Livingstone 1991 page 4). E, is a biologically
active metabolite of E;. E» and E, and their metabolites are conjugated in the liver to yield
corresponding glucuronides and sulfates (Dollery 's Therapeutic Drugs Vol. 2 Churchill Livingstone
1991 page 4). E;-3-sulfate is the major circulating estrogen metabolite and is readily deconjugated
back to E;. E; and E, are further metabolized to 2-, 4-, and 16a-hydroxylated metabolites via
cytochrome P450 3A4 and 1A2 (Yamazaki et al. Chem. Res. Toxicol. 11:659 1998). The 2- and 4-
hydroxylated E; are catechols and can be methylated via catechol-O-methyltransferase (Zhu and
Conney Carcinogenesis 19:1 1998). However, the 2- and 4- hydroxylated E; can also undergo
metabolic redox cycling and form semiquinone to react as free radicals with DNA and cellular
macromolecules and lead to estrogen-induced cancers (Zhu and Conney Carcinogenesis 19:1 1998).
E; and E| may be metabolized to the corresponding quinols, namely 10B,17p-dihydroxy-1,4-
estradiene-3-one and 10B-dihydroxy-1,4-estradiene-3,17-one, respectively via CYP1A1, CYP2B6, and
CYP2E1 (Ohe et al. Drug Metab. Dispos. 28:110 2000). These quinols contains o,-unsaturated
ketones that are electron deficient and Michael reaction acceptors, which can bind covalently to DNA,
RNA, and other cellular macromolecules and may lead to genotoxicity and cytotoxicity.

Elimination

Upon intravenous administration, Ep has an initial half life of about 20 min, followed by a 2" half life
of about 70 min (Dollery s Therapeutic Drugs Vol. 2 Churchill Livingstone 1991 page 4). Its
clearance is 600 - 800 L/24 h/m’ in premenopausal women and 500 - 600 L/24 h/m? in postmenopausal
women.

10. What is the drug-drug interaction potential for E; upon transdermal administration of
ESTROGEL®?

The labeling of transdermal E; therapeutic systems such as ALORA™, CLIMARA®, FEMPATCH®,
VIVELLE™, and ESTRASORB"™ do not contain statements on the drug-drug interaction potentials of
Ez. The potential for E; to interact with other drugs is minimal since the plasma E; concentrations
achieved upon administration of different ESTROGEL® doses would be within the physiological
range. However, the potential for other drugs to interact with E; upon ESTROGEL® administration is
uncertain,



11. What are the formulations used in the clinical safety and efficacy studies for NDA 21-166
and what are the differences as compare to the to-be-marketed formulation?

E; (0.06% w/w) is formulated with ethanol, carbomer 934P, trolamine and purified water as inactive
components. Ethanol solubilizes E; and also acts as vehicle with purified water, which is further
gelled with carbomer 934P and neutralized with trolamine.

The Bristol-Meyers Squibb formulation contains T 3 w/w ethanol and was used in the 2 clinical
safety and efficacy studies (CV141-001 and CV141-002) that support this NDA. The Besins
Iscovesco formulation contains &~ 3 w/w ethanol; it is the proposed to-be-marketed formulation and
was used in 3 clinical pharmacology studies (S1661002, S1661003, MKI1.2593, UMD-01-078, and
UMD-00-073). The ethanol (excipient) difference between the 2 formulations T 7T is a Level 1
change per “Guidance for Industry, Nonsterile Semisolid Dosage Forms, Scale-Up and Postapproval
Changes: Chemistry, Manufacturing, and Controls; In Vitro Release Testing and In Vivo
Bioequivalence Documentation™ (Nonsterile Semisolid Dosage Forms Guidance). No in vivo
bioequivalence (BE) documentation is recommended for Level | change. However, the sponsor did
conduct Sludy 9566.01 to assess the in vitro E, release between the Bristol-Meyers Squibb
ESTROGEL® formulation and the Besins Iscovesco ESTROGEL® formulation. See question 21
below for details.

The sponsor used glaminate tube to dispense the test formulation in pivotal Studies CV141-001 and
CV141-002. However, the sponsor plans to market 2 pump to dispense the 0.06% ESTROGEL®
formulation. The sponsor conducted an Estrogel® pump vs. Estrogel® glaminate tube comparability
and consistency study. This study’s data indicate that acceptance criteria and consistency for the mean
dose delivered from the pump and glaminate tube were met. See chemist’s (Dr. Rajiv Agarwal) review
for details.

The sponsor also used a 0.03% formulation (1.25 g; 0.375 mg E;) for the lowest dose treatment in
study CV141-002. However, the sponsor only seeks approval for the 0.06% ESTROGEL®
formulation.

12. Is the ESTROGEL® PK dose-proportional?

Study S1661002 examined the dose proportionality for E; and unconjugated E; PK parameters upon
single dose administration of 1.25 g of 0.03% (0.375 mg E,), 1.25 g of 0.06% (0.75 mg E;),and 2.5 g
of 0.06% (1.5 mg E;) ESTROGEL® to 24 healthy postmenopausal women. This was a 3-period, open
label, balanced, randomized, crossover study with 7-day washout between treatments. Each subject
applied 1.25 g doses of 0.03% and 0.06% ESTROGEL?® to the skin from shoulder to wrist of 1 arm.
Each subject applied 2.5 g dose of 0.06% ESTROGEL® to the skin from shoulder to wrist of 2 arms.
Prior to all applications, the sites for venipuncture were marked and covered with transparent
dressings, which were removed after the gel dried. Senal blood samples were collected for the
determination of plasma E; and unconjugated E; concentrations via T J



Mean Unadjusted Plasma Estradiol Concentration ~ Time Profils for the
ESTROGEL® Gel 0.828, 1.25 and 2.5 g Treatment Groups
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Unadjusted Plasma E, PK Parameters After A Single Dose Application of ESTROGEL?® Gel

ESTROGEL® | Descriptive | AUC{0-72) AUC(D-) Cmax Tmax Kei Ti/2
Gel Treatment | Slatistics {pgeh/ml ) {pgeh/mL} {pg/mL) (hr) (1n) {hr}
Group
0625¢" Arithmelic
(0.375mg Mean 1133.8 1887.5 86.59 16.7 0.022 44.7
esiradiot) Geometric
Mean 720.2 14777 30.34 118 0.018 38.2
sD 15125 1893.4 251.50 109 | 0.014 | 258
CV% 1334 100.3 290.5 65.2 66.1 57.7
N 23 13 23 23 13 13
1259 Arithmetic
(0.75 mg Mean 2482.2 3140.2 248.88 183 | 0.026 | 644
astradiod) Geometric
Mean 998.7 1812.9 41.57 153 | 0.019 | 365
SD 52457 5502.0 728.26 9.0 0018 | 1053
CV% 211.3 175.2 292.6 494 69.1 163.7
N 23 17 23 23 17 17
259 Arithmetic
(1.5mg Mean 2171.2 2650.3 95.32 19.1 ¢ 0.031 26.3
estradiol) Geometric
Mean 1665.4 2130.2 60.93 16.1 0.629 241
SD 1882.9 2131.3 119.5 10.9 0.012 11.9
CV% 86.7 804 125.4 57.0 39.5 452
N 23 19 23 23 19 19

* The 0.625 g described is equivalent to 1,25 g of 6.03% gel administered.

Mean Unadjusted Plasma Free Estrone Concentration — Time Profiles for the
ESTROGEL® Gel 0.625, 1.25 and 2.5 g Treatment Groups
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Unadjusted Plasma E; PK Parameters after a Single Dose Application of ESTROGEL® Gel

ESTROGEL® | Descriptive AUC(0-72) AUC(O-) Cmax Tmax | Kel T2
Gel Treatment Statistics {pgehymL} {pget/mL} {pg/mL} (hr) (1} {hr)
Group
0625¢" Arithmetic
{0375 mg Mean 1582.2 35995 31.16 330 | o010 92.1
estradiol) Geometric
Moan 1472.7 3677.4 27.36 24.5 0.009 79.5
sD £53.8 1654.4 23.50 207 | 0.004 84.4
CV% 35.0 414 754 628 40.9 69.9
N 23 6 23 23 6 6
1.25g Arithmetic
{0.75mg Mean 18316 4225.4 4598 35.1 0.015 7.5
estradiol) Geomaetric
Maan 1783.2 3799.3 35.91 279 0.013 55.4
sb 622.4 1895.5 50.30 185 | 0.009 46.2
CV% 329 44.9 109.4 52.7 57.7 68.5
_N 23 9 23 23 9 g
25g Asithmetic
{1.5mg Mean 2369.7 6396.6 44.60 30.2 | 0.015 83.3
estradiol} Geometric
Mean 22794 8221.5 42.53 215 | 0.012 56.35
st 641.1 5446.3 12.90 13.2 0.009 115.6
CV% 271 85.1 289 43.7 58.1 138.7
N 23 15 23 23 15 15

The 0.625 g described is equivalent to 1.25 g of 0.03% gei administered.

Per discussion with Dr. He Sun (pharmacometrician), the sponsor’s analysis of (log PK
parameter)/dose vs. dose and log PK parameter vs. dose are not appropriate approaches to determine
dose proportionality and dose linearity. The log PK parameter vs. log dose and PK parameter vs. dose
are appropriate approaches to assess dose proportionality and dose linearity instead. Hence, log
geometric mean AUC vs. log dose and geometric mean AUC vs. dose, log geometric mean Cp,x vs. log
dose, and geometric mean C,,,« vs. dose were analyzed. The regression results indicated that the PK
parameters were not dose proportional among the 3 doses studied (all analyzes have an intercept). The
geometric mean AUC and C,ax for unadjusted E; were linearly related to the 3 doses administered in
this study. The geometric mean AUC for adjusted E; was not linearly related to the 3 doses
administered in this study. However, the geometric mean C,,,x for adjusted E; was linearly related to
the 3 doses administered in this study.

Study CV141-001 was a double-blind, randomized, placebo-controlled, multi-center safety and
efficacy study. 221 menopausal women received either placebo (2 arms), 1.25 g of 0.06%
ESTROGEL® (1 arm and placebo gel on another arm), or 2.5 g of 0.06% ESTROGEL® (2 arms) daily
for 3 months. ESTROGEL® or the matching placebo gel was applied to the skin in an area
approximately equal to 750 cm’, which corresponded to the area of the entire arm extending from the

shoulder to the wrist. Serum E; and E, concentrations were measured at baseline and Week 12 via
RIA.




Serum E; and E, Concentrations for Study CV141-001

Treatment Group Estradiol (pgimt) Estrone (pg/mL)
Baseline | Week 12 | Baseline | Week 12
Placebo Arithmatic Mean 48 144 245 325
Modian 50 5.0 240 23.0
SD 5.09 31.93 8.63 3290
Min / Y
Max \ ’
N 73 67 73 67
IESTROGEL#Gel Arithmatic Mean 4.0 106.0 258 58.5
1.25¢g Median 0.0 33.5 26.0 49.0
[{0.75 mg estradiol) Sb 6.32 243.74 10.91 40.98
Min '
Max \
N 74 66 73 66
ESTROGEL® Gei 2.5g | Arithmetic Mean 55 123.2 259 75.0
(1.5 mg estradiol) Median 5.0 £5.0 25.0 58.0
SD 477 151.10 10.37 58.98
Min
Max § {- )
N 71 1 67 T 71 T &7 77

Mean unadjusted serum E; and E; concentrations upon active treatments are not interpretable due to
the extensive variability and outliers, especially in the E; resuits. However, median serum E;
concentrations appear to be linear to dose in the study. The median serum E, concentrations also
increased with dose but were not linear.

The median serum E; concentration of 65.0 pg/mL for the 2.5 g ESTROGEL® dose is consistent with
the 66.1 pg/mL average plasma E; concentration observed for the 2.5 g ESTROGEL® dose in the
multiple dose PK study MKL2593 (question 15 below).

Study CV141-002 was a randomized, double-blind (ESTROGEL® treatments), active-control, multi-
center safety and efficacy study. 361 menopausal women each received daily for 3 months either 1.25
g of 0.03% (expressed as 0.625 g of 0.06% in the following table) ESTROGEL® (on 1 arm and
placebo gel on another arm), 1.25 g of 0.06% ESTROGEL® (on 1 arm and placebo gel on another
arm), 2.5 g of 0.06% ESTROGEL® (on 2 arms), or 12.5 cm? CLIMARA® transdermal patch (0.05 mg
E,/day every 7 days for 3 months). ESTROGEL® or the matching placebo gel was applied to the skin
in an area approximately equal to 750 cm?, which corresponded to the area of the entire arm extending
from the shoulder to the wrist. The open label transdermal patch was to be applied on a clean dry area
of the abdomen, avoiding the waistline area. The patch application sites were to be rotated with an
interval of at least 1 week between particular sites. Serum E; and E, concentrations were measured at
baseline, Week 4, Week 8, and Week 12 via RIA.

Median serum E; and E; concentrations were relatively stable at Weeks 4, 8 and 12 for all treatments.
Serum E; and E; concentrations increased with dose and were nearly linear (median) at Week 12 for
the 1.25 g and 2.5 g doses, as observed in Study CV141-001.



Serum E; and E; Concentrations for Study CV 141-002

Treatment Group Estradiol {paimlL} Estrons L
Baseline | Week 4 { Waek 8 {Week 12| Baseline {Woak 4[Week 8iWeak 12|
ESTROGEL® | Arittunetic
Gsi Mean 52 93.83 96.1 939 28.3 466 | 468 460
06259 Madian 55 235 205 25.0 26.0 388 1 31.0 39.0
{0.375mg sD 6549 25455 | 215.28 | 203,64 897 31.50 { 34.80 | 3052
satradiof) Min - .- il === s e T
Max [ s ,,.2
N 92 86 80 77 92 86 B8Q b
ESTROGEL# | Arithwwatic
Gel Mean 4.2 725 7.4 871 24.2 508 | 50.1 518
1.235¢g Median Q.0 42.0 ng 320 240 {.455 | 440 410
(0.75 mg SD 531 B151 [ 125851 B7.07 972 2518} 3363 [ 3590
estradiol) Min - = - i i i
Max (- . _ . 2
N 3 B7 a1 81 93 83 a1 a1
ESTROGEL~ | Arithmetic
Gal Mean 4.1 1742 | 610 § 1807 23.1 788 | 789 774
259 Median 50 70.0 59.5 60.0 220 600 | 525 625
{1.5mg sD 4.23 314.68 ) 501.52 | 532.25 9.56 §7.17 | 8350 | BO.1O
estradiof) Min c - s - s T ‘j
Max i
N 89 B0 74 76 §9 80 74 18
JCLIMARA Arithmetic
Patch Mean 41 375 444 458 24.6 349 44t 437
(50 pg/duy Meadian 0.0 310 3%.0 38.5 23.5 30t 370 40.0
ostradiol) SO 4.93 2070 | 2876 | 3993 9.81 29157 [ 3166 [ 27.06
T — i === =t
Max ,( ]
N I 8 | 86 | 82 | 82 | 86 | 88 | & | &2 |}

Median serum E; concentrations for ESTROGEL® 1.25 g and 2.5 g treatments at Week 12 were
comparable between studies (CV141-001: 33.5 pg/mL and 65.0 pg/mL, respectively; CV141-002: 32.0
pg/mL and 60.0 pg/mL, respectively). Median serum E, concentrations for the CLIMARA® treatment
ranged from 31.0 to 39.0 pg/mL and were similar to the median serum E; concentrations (range from
31.0 to 42.0 pg/mL) for 1.25 g ESTROGEL® at Weeks 4, 8, and 12. Based on median serum E, and E,
concentrations, the 1.25 g ESTROGEL® and CLIMARA® treatments were similar at Week 12 (E2:
32.0 pg/mL vs. 38.5 pg/mL, respectively; E;: 41.0 pg/mL vs. 40.0 pg/mL, respectively).

Note the high variability (100-300%), which may be due to:
* The area that was applied to the arm (inner and/or outer side of the arm).
¢ The surface area of application.
¢ Contamination of sampling sites from dose application.

More recent studies did not seem to have such high variability.

13. What is the ESTROGEL® PK upon multiple administrations?

Per Study MKL2593 (Question 15) below, it appears that steady state serum E; concentrations were
reached after 3 days of daily 2.5 g of 0.06% ESTROGEL® topical application to the 2 arms (forearm
and shoulder) of subjects.

Per Study UMD-01-078 (Question 16) below, the estimated mean accumulation index for the
unadjusted plasma E; AUCq.24 was 3.33 (678.74/203.98) and the estimated mean accumulation index
for the unadjusted plasma E; Crax was 3.07 (46.38/15.1) upon 14 days of daily topical application of
1.25 g of 0.06% ESTROGEL® to 1 arm of the subjects, whose gel application site were not washed. In
the same study for the “washed” subjects, the estimated mean accumulation index for the unadjusted
plasma E; AUCy.,4 was 3.38 (522.6/154.6) and the estimated mean accumulation index for the
unadjusted plasma E; Cpay was 3.36 (34.96/10.4) upon 14 days of daily topical application of 1.25 g of
0.06% ESTROGEL® to | arm per subject. The mean accumulation index for the unadjusted plasma E,
AUC was 3.19 and the accumulation index for the unadjusted plasma Ej Cpuex Was 2.19 (see the 1
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table below for this question) upon 14 days of daily topical application of 0.625 g of 0.06%
ESTROGEL® to 1 arm of the subjects.

Study 81661003 assessed the multiple dose PK upon daily administration of 1.25 g 0.03% (0.375 mg)
or 0.625 g 0.06% (0.375 mg) ESTROGEL® for 14 days. This open-label, balanced, randomized, 2-
period, crossover study (Study Number S1661003) in 48 healthy, hypoestrogenic postmenopausal
women was conducted to evaluate the bioequivalence of E;, unconjugated E; and total E, after
multiple dose administration of 2 ESTROGEL® formulations, 0.03% and 0.06%. The study was
conducted to confirm the equivalence of both gel strengths used in the clinical efficacy program. Each
subject received 2 treatments, either 0.03% ESTROGEL® 1.25 g or 0.06% ESTROGEL® Gel 0.625 g.

The gel was percutancously applied to the surface of the same arm once daily on Day 1, and Days 3 to
15 of each trcatment period. A 14-day washout separated each treatment period. Baseline blood
samples were collected at -24, -12, 0 hours prior to ESTROGEL® applications on Day 1. In addition,
blood samples were collected at regular intervals for 48 hours after ESTROGEL® application on Day
1, just prior to ESTROGEL® application on Days 13, 14 and 15, and for 24 hours after ESTROGEL®
application on Day 15 of each treatment period. Plasma samples were obtained from the arm that was
not used for ESTROGEL® applications, minimizing the possibility of needle contamination with E;.
Plasma E,, unconjugated E; and total E, concentrations were determined via & T

Steady-State PK Parameters for Unadjusted Plasma E,

Trealment | Descriptive] AUC(0-2dsd) | Cmax(sd) | AUC(0-24ss)|Cmax(ss}| Cave Al Al
Group Statistic {pgeh/mL) {pgimt ) {pgeh/mlb) | (pg/ml) | (pg/ml) | AUC | Cmax
0.03% Arithmetic 184.3 14.77 513.1 32.06 2137 4.02 264
ESTROGEL® Mean

Gel S0 1085 9.35 267.6 18.53 11.17 | 557 | 142

0.375mg  EV% 58.8 633 52.2 57.B 52.3 1387 | 536

estradicl) Geometric 160.4 12.69 440.1 27.44 18.28 2.97 2.24
Mean

N 45 44 45 45 45 43 44

0.06%  [|Arithmetic 1879 16.25 458 1 2782 19.08 318 | 219
ESTROGEL# Mean

Gel SD 104.4 10.96 194.7 11.06 8.13 3.36 1.01

{0.375mg V% 556 67.4 425 430 426 1064 | 483

estradiol)  [Geometric 170.6 13.67 4064 25.17 1676 | 2.58 1.92
an

45 43 45 45 45 43 43

Steady-State PK Parameters for Unadjusted Plasma E;

Treatment | Descriptiva | AUC(0-24sd) | Cmax(sd) | AUC(0-24ss) | Cmax(ss}] Cave Al Al
Group Statistic {pg*h/mi) | (pg/ml) | {pgehiml) [ (pgiml) | {pg/mL}| AUC Cmax
0.03%  jArthmatc 5616 34,95 1,284.7 65.81 5353 | 288 1.93

ESTROGEL # Mean
Gel 5D 2378 13.58 634.3 31.92 | 2643 | 38t 0.71
(0375mg kv 42.3 38.8 49.4 48.5 49.4 1320 | 368
estradiol  |Geometric §45.0 3278 1,133.4 5880 | 47.22 230 1,79
ean
45 45 45 45 45 4 45
0.06%  |Arithmelic 5708 3647 1,193.86 63.5¢ | 4971 | 223 191
ESTROGEL® Mean
Gel 5D 2137 13.69 517.2 2569 | 2158 1 0.75 0.73
{0.375mg V% 374 37.5 433 404 434 33.6 381
estradiol) Geometric 5071 3423 1,066.8 5884 | 4400 | Z11 1.76
Mean
45 44 45 45 45 42 44
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Steady-State PK Parameters for Unadjusted Plasma Total E,

Treatment | Descriptive | AUC(0-24sd) | Cmax(sd) | AUC(0-24ss) | Cmax(ss)| Cave Al Al
Group Statistics {pgeh/mL) {pg/mL) {pgeh/ml} {pa/mL) | (po/mlL} AUC Cmax
0.03%  |Arithmetic 6,608.6 469.03 18,731.4 1,049.71 | 78048 3.54 2.21

ESTROGEL®&Mean
Gel 5D 4,223.3 355.76 15.894.6 958.07 | 66227 5.17 0.93
(0.375mg [CV% 63.9 759 84.9 913 849 146.1 418
estradiol} [Geometric 5,256.8 385.31 14,0071 759.96 | 583.63 2.66 1.97
ean
45 45 45 45 45 45 45
0.06%  |Arithmetic 6,371.9 422.61 15,948.8 86442 | 664,53 2.7 2.10
ESTROGEL&|Mean
Gel 5D 4,583.9 27545 11,286.6 617.53 470.28 1.11 0.80
(0.375mg |ICV% 71.9 65.2 70.8 71.4 70.8 40.8 37.9
estradiol} Li,;ec:rm;tric: 5,043.9 360.57 12,733.4 706.99 | 530.56 252 1.96
ean
IN 45 45 45 45 45 45 45

For bioequivalence assessment, 0.03% formulation was the reference and 0.06% formulation was the
test treatment. Ratios of least-squares means with 90% confidence intervals for AUC g.24,55) and Crrangss)
at steady-state are in Table 6.5.2.1.4.

Ratios of Least-Squares Means with 90% Confidence Intervals for AUC and
Cmax Parameters

Data Set AUC({0-24ss) Cmax(ss})
Unadjusted Plasma Estradiol 92.0% (82.1-103.1%) 91.4% (82.3-101.6%)
Unadjusted Plasma Estrone 93.9% (86.7-101.7%) 99.9% (92.9-107.4%)
Unadjusted Plasma Tolal Esfrone 90.5% (B0.8-101.4%) 92.7% (83.9-102.4%)
Adjusted Plasma Estradioi 79.1% (68.0-92.0%) 81.8% {72.1-92.9%)
Adjusted Plasma Estrone 84.3% (73.1-97.1%) 90.7% (80.5-102.1%)
Adjusted Plasma Total Estrone 75.1% (63.9-88.2%}) 78.9% (70.2-91.0%)

For the 0.06% and 0.03% ESTROGEL?® treatments, the 90% confidence intervals of the least-squares
means ratio for AUC and Cyuc derived from unadjusted E;, unconjugated E;, and total E,
concentrations at steady-state, were within the 80% to 125% range. However, the 90% confidence
intervals for all adjusted Ez, unconjugated E, and total E, concentrations PK parameters at steady-state
were not within the 80% to 125% range, except the adjusted E; Ciax(ss). At steady-state, the unadjusted
average plasma E; concentrations for both treatments ranged from 19.08 to 21.37 pg/mL, which is
below the average serum E; concentration of 27 pg/mL upon administration of | FEMPATCH® (0.025
mg Ey/day) 7-day (PDR 1998 ed. p2100). The large intersubject variability in plasma E,
concentrations observed in the single dose proportionality study S1661002 was not observed in the
single dose or multiple dose sampling intervals in study S1661003. Sampling from the arm not used
for gel application may reduce the variability as observed study S1661002.

14. Is the 0.03% ESTROGEL® bioequivalent to the 0.06% ESTROGEL® per equal E; amount?
Study S§1661003 above (Question 13) was originally conducted to determine the multiple dose PK of
1.25 g 0f 0.03% (0.375 mg Ez) and 0.625 g of 0.06% (0.375 mg E;) ESTROGEL®. Per OCPB NDA
21-166 filing request (originally requested in End of Phase II meeting), the sponsor provided the single
dose bioequivalence assessment for 1.25 g of 0.03% and 0.625 g of 0.06% ESTROGEL® in the March
29, 2000 NDA 21-166 B2 amendment. 0.03% formulation was the reference and 0.06% formulation
was the test treatment. The 90% confidence intervals of the least-squares means ratio (test over
reference) for all AUC.45 and Crnyx derived from unadjusted plasma Ez, unconjugated E,, and total E,
concentrations were within the 80% to 125% range. However, the 90% confidence intervals of the
least-squares means ratio (test over reference) for all adjusted plasma E,, unconjugated E; and total E,
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AUCy.43, AUCy..., and Cyax were not within the 80% to 125% range. These observations are consistent
with the bioequivalence assessment via the steady state approach in question 13 above. This lack of
BE between the 2 formulations is not an issue for NDA 21-166, since the sponsor only seeks approval
for the 0.06% ESTROGEL®.

15. What is the relative PK of ESTROGEL?® versus E; transdermal therapeutic system?

Study MKL2593 was an open-label, randomized, 2-way crossover, multiple dose study in 24 healthy
postmenopausal women to assess the relative PK of ESTROGEL® to ESTRADERM®. A > 24-day
washout separated the treatments. The E; gel used in Study MKL2593 was the to-be-marketed
formulation (per NDA 21-166 N 000 BZ, June 16, 2003).

Treatment A: 2.5 g of 0.06% ESTROGEL® (1.5 mg Ez) was applied to the 2 arms (forearm and
shoulder) of each subject once daily for 11 consecutive days. Treatment B: an ESTRADERM® (0.05
mg Es/day) patch was placed at the dorsal region of the hip of each subject on Day 1 and a replacement
patch was placed on Day 5 and Day 8. On Day 12 the ESTRADERM® patch was removed from each
subject. Serial blood samples were collected daily, especially frequent sampling from Day 8 to Day 11
to determine serum E; and E; concentrations via T 7 However, the sponsor’s bioanalytical
report for study MKL12593 was validated for plasma samples. 1 subject had a relatively strong skin
reaction to ESTROGEL®, which resulted in erratic concentration time profiles (per discussion with Dr.
Phill Price this kind of skin reaction is not uncommon and may be due to the alcohol in the gel). The
data from this subject was excluded from the PK evaluations and statistical analyses. The mean PK
parameters for plasma unadjusted E; and E; are in the tables below.

Upon the gel application, mean trough serum E, concentrations were 41.7 pg/mL at 72 h, 41.4 pg/ml.
at 96 h, 40.8 pg/mL at 120 h, 37.2 pg/mL at 144 h, 41.2 pg/mL at 168 h and did not show increasing
trend. Per these observations, it appears that steady state serum E; concentrations were reached after
72 h of daily 2.5 g of 0.06% ESTROGEL?® topical application.

M -
Mgons ~ Treatment a e2qnt - Tregtment o

55

3

Concantrahon (ag,/mi)

5

Contaraban Loy /mi)

148 150 (3] - TO LT S 1 40 782 104 'e8 Ll 142 104 e 220 210 iR 184
Toerva (R} Tena (n)

Meen E kol and £ [ Masn Estradiol and Estrons Concentreticns,
Treatmant & (n=23, subject 23 sxciuded) Trestmanm b (n= 23, subject 22 exchaded)
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Unadjusted PK Parameters (mean + SD) for E; and E; After Multiple Doses of ESTROGEL®
Gel and ESTRADERM® Patch Treatments

PK Parameters Treatmants PK Paramatere Treatrmonts
{Unadjusted) ESTROGEL® Gel 259 ESTRADERM % Paich {Unadjusted) ESTROGEL® GB! 259 ESTRADERM® Paich
{1.5 mg estradiol) {50 pg/day estradiol) (1.5 myg estradiol) {50 py/day estradiol)
AUCY® (p/mL'h) 1644 £ 508 1036 £ 373 AUCH (pgmi’h) 11681 £ 508 632 = 383
AUCYS (pg/mlL"h) 1527 + 864 049 + 381 AUC (pg/mt. h) 1185 £ 469 650 + 327
AUCYIO0 (pg/mL*h) 15211612 944 £ 282 AUCYHD (pgimLh) 1187 + 463 665 1 320
AUCTIt (pgimlL*h) 1657 £ 1123 5331318 AUCY11 {pgimlLh) 1366 * 579 581 = 324
AUC-11 (pgimt."h) 6348 + 2978 3502 + 1186 AUCY8-11 {pgimL°h) 4879 + 1919 2578 = 1296
Cavyg-11 (pg/mL} 66,1430 366t 123 Cavg-11 (pg/mL) 5081200 289+ 135
Cmiax (pgiml.) 209.2 + 1279 749+ 27.2 Cmax (pg/mL) 7412240 38.1117.1
Cminfpg/mL} 23697 1456+ 100 Cruin{pgimL) 351 217 178196
PTF 23881+ 1.908 1.692 + 0.640 PTF 0.848 + 0.400 0.797 = 0.268
Tmax (h) 3696t 2941 2713+ 2436 Tmax (h} 5422+ 3584 384T L2779
AUCH  AUC ki Dy 8 uming uadpusted sorum oetradel SONCEntr oS AUCH * ALUC ke Day 8 asiog trey
AUCYD | AUC Sor Dty § g conadiunind sarum ssirmdsl conoantr aticos AUCA : ALC tor Diay § using S
AUCHQ - AUIC tor Day 10 upng unadgasied serum sstracuct concantrabions AUCYio AUC for Day 10 (50 LRAstod SOTNT MITONS CONCMITATONS
ARG, AUC lor Day 11 uming unadiuasiad sorum estradil concontrations AUcmy Auclutoaynuihgumﬁedmmmmm
AUCH- TS Total AUC for Darys 810 11 wsing undyusied sonm extradial concentraions. AUCHS-11: Totut AUC for Dinys B fo 11 uhing
Covifi-11 Mesn averngs serun extradiol axoantisbon for Days 816 11 Carpat Rledn verage safmn ewirome COnceraton for Days 8 10 11
Conx, memmmmmhmnonu Cmax  Maan maxmal sern asirome oncemiation tor Days 8 i 11
Camin sorum astradicl for Days B 1o 11 Cown.  Aboan minamm sarum ssirone conoents aton ar Days B o 11
PEF. mmwmuomamn eabotatod as {Conax-Crmp{Cavid 11} PIF.  The paak kough flucthuation ke Days B K0 11, cakuloied a8 (Gman - Cain){Cava-1 1)

The intrasubject coefficients of variation for unadjusted E; AUC and Cyax range from 30% to 56%.
Mean average unadjusted serum E; concentration on Days 8 to 11 was 66.1 pg/mL forthe 2.5 g
ESTROGEL® treatment and 36.6 pg/mL for the ESTRADERM® treatment. Mean minimum serum Ep
concentration on Days 8 to 11 was 23.6 pg/mL for ESTROGEL® treatment. Mean average and
minimum unadjusted serum E, concentrations on Days 8 to 11 were 50.8 pg/mL and 35.1 pg/mL,
respectively for the 2.5 g ESTROGEL® treatment. Hence, Ey/E, ratio of approximately 1 was
maintained for Days 8 to 11. This study used the point estimate of the ratio E; AUCps.p1y for
ESTROGEL® versus that for ESTRADERM®, 1.925, to estimate the E; delivery rate for 2.5 g of
ESTROGEL® as 96.25 pg/day (1.925 x 50 pg/day). This estimation does not consider the BA and E;
dose difference between ESTROGEL® and ESTRADERM®. Hence, this is a rough estimated relative
E, delivery rate for ESTROGEL®, which is not recommended to be included in the labeling.

16. Will E; be transferred from an ESTROGEL®-dosed woman to others upon skin contact?
What is the effect of washing the application site on the transfer potential?

Study UMD-01-078 examined the transfer potential of ESTROGEL® and the effect of washing the
application site on the systemic E; exposure in this open-label, 2-period, crossover, and multiple-dose
study. Forty eight randomized healthy postmenopausal women participated 1n either Group A or
Group B (sequence of washing or not washing the application site prior to contact) and participated as
either dosed (gel application) subjects or naive (secondary exposure) subjects. In Group A, 12 subjects
applied 1.25 g of 0.06% E; gel on the posterior surface of 1 arm from wrist to shoulder daily for 14
days. Another 12 subjects rubbed against the application site of the dosed subjects daily for 14 days.
The 15 minutes skin-to-skin contact between the dosed and naive subjects was | hour postdose. The
dosed subject and naive subject rubbed their posterior forearms for 1 minute, posterior upper arms for
I minute, and posterior forearms again for 1 minute with side-to-side and up-and-down motion. The
treated and contact arms of the dosed and naive subjects were gently bound together for 12 more
minutes. After a washout of 14 days, the Group A subjects repeated the previous procedures except
that the gel application site was washed 1 hour postdose. In Group B, another 24 subjects participated
in the same procedures as Group A except that the 12 dosed subjects washed the application site in the
1* period and did not wash the application site in the 2n period. Serial 24-hour serum samples were




collected from all subjects on Days 1, 14, 29, and 42 for the determination of E;, E; and E,; sulfate
concentrations. Prior to venipuncture, the sampling sites were washed with soap and water and dried
thoroughly. Alcohol wipes were not used to cleanse the sampling sites. The phlebotomist put on fresh
gloves before collecting blood samples from subjects.
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Pharmacokinetic Resulta After Single-Dose Administration by Washing

Status: Dosed Subjects

- Unadjusted Bassline Adjusted
N=24) . (M=)
Parameiens ‘Washed Not Washed Washed | Nol Washed
Estradiol
Pharmacokinetic Results After Single-Dose Administration by Washing

AlCaaa {ogrhermLy Status: Dosed Subjects
MearcSD 154.80+62.81 | 20396412179 | 48325047 | 97711227 " Unadiusted Baseline Ady
Vedian 159.7% | 15875 44,63 55.00 iN=24) - M=24]

. Parsmatery Washed Hot Washed Wakhved | Mot Wanhed
Rarge (min-fmax) C Cows P03

Con tpgiml) Mean=50 2058:850 | 3013756 | 12711695 127127 12
Mean:SD 54417 62 B.5025.07 204:2.48 4072468 Modian 100 0w | s 1200
Median 666 £.51 .85 229 Range (minmast C
Range (min-max} L Hrore sctfzle

Conan (PO/mL} Ao 24 [ngehe/mL)

MeantSD 10,404 85 15.10812.54 7.0044.73 1142412 39 MeantSD 11,1813.89 12131444 136104 230:2.44
Medlan mnesn 1060 675 7.50 Madan 19353 10.59 168 177
Range (mén-meax) i J i Range [un-max)

—_ Gy {ngémL}

AP SE— MeantSD 04740 18 2511019 0.06:0.08 0.1020.10
Maans S0 484 63+171.56 | 49002114342 | 4554413733 | 5083£300.10 Median 044 Q.44 oor 007
edian 522.00 477.00 2050 6825 iy L ::’ ? r
Range (min-max) { ] Meamso 0561020 701038 0.1840.09 0310030

Camy {pml) Mechan oas 0.80 o (¥
Mean:SD 201947 15 20.4245.98 1.90:572 2112417 Rlange {minmax) ‘

Medlan 2178 1882 085 284 * =23 %0r the washed group. Value nol calcutatid for Subyect 00106 - miseing 3edur Concentration at
Aange (mir-max} C J 24 br after dosing.

Pharmacokinetic Resufts After Multiple-Dose Administration by Washing

A ha: inetic R After Multi Ardrening " .
Status: D 15u ts Pharmacokinetic Results !!ar. ple-Dose n by Washing
bjec _ o Status: Dosed Subjects.
Unadjusted Bacslina Adjuated _— Unediasd Banalivrs Adfustad
| _{N=29) {N=24) |l (N=24) {Naza}
Parameters Washed Not ‘W Net Washed  Parsmeters Wished Not Washed Washed Mol Washaed
Estradkol Cog tpgimi}
AUCq 24 {pgrhrimL) Meant5D 42 9811191 48 55+19 64 246511358 a0.25218.59
MeantSO 52260427642 | 67874835137 | 416.224277.74 | 57246:34904 2 Medan ax 759 20 2700
Rangs (min-maxj
Medk. 469 38 608.00 7 X
an 43775 527.00 o ) [
Range {mn-max) C MeantSo 55 6R418 67 B4.21420.44 30.79£16.99 47.85225.53
Cng (PO/mL) Madian 5200 59.00 36.00 050
MeantSD 21,7811 52 28 28+14.64 17.35411.57 23 B5£14.54 Arnge {mn-max) - [
Median 19.56 2533 14.07 2196 Ei’:‘;;"’“
. (ngriml )
ST T
Range ( ax) t 3 MeaniSD 2425¢11.01 29 18215.00 14424086 193551654
G tpgyerd) Madian 2119 2418 12 14.95
MeantSD 34.96421.03 46.39126.98 20.9242% D6 42.83+2€.95 Rangs (min-hax} C
Median 28.00 41.50 24.00 3300 Gy {ngimt }
Pange {min-max) C -J Arant50 1011045 1224075 0.80+0.37 0.3120.69
Estrong tecian n.8e ALl 0.51 0.62
AUCo24 (prhitL} . "‘(Wm“":' = {
MaantSO 3031.104333.75 | 1165.29+471.45 | 591.71:325.35 72590446 08 MeansS0 127057 590125 0 BBL04G 115318
Median 993.25 1142 25 537.50 648,00 Median 107 120 o.78 078
Range (min-max) Y Fange {m-max

k!

After 14-day multiple dosing, the % reductions in AUCq.24) for the application with washing versus
that application without washing was 23% for unadjusted E», 12% for unadjusted E,, and 17% for
unadjusted E; sulfate. After 14-day multiple dosing, the % reductions in C . were 25% for
unadjusted E, 13% for unadjusted E,, and 20% for unadjusted E; sulfate. In general, washing the
application site 1 hour postdose decreases about 25% of the unadjusted E, exposure.
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Mean Concentration-Time Profiles for B -
Estradiol in Non-Dosed Subjects Aftar a Single Gel Application
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Pharmacokinetic Results After Single-Dose Administration:

Non-dosed Subjects ] .
- Unadjucied Basaling Adjusied Pharmacokinetic Results After Single-Dose Administration:
Banall {N=24) {Na24) Non-dosed Subjects
Parameters (N=24) 1~ Washad Not Washed Washed Not Waahod Unadjusiad Bassiing Adjussed
Fateaciol Baseil he=24) {n=28)
) Patarmaters {Ma24) — Weahed Not Washed Warhad Not Washed
AUCq 24 [pgeteimL) Pomp— _|_ |_Not Washed
MaanSD 12657281 79 | 1148423805 | 1148316069 | 17 72 | -1074x90.90 MeantSD 26.75412.89 20 70412 25 29.92:8.90 S1o8s7 77 0814973
Median . 12808 9213 108.5¢ 000 425 Modan 2850 28.00 2850 050 a0
Range” " E. 3 Aange” i
Genge (ML) Estore wiizle | J
MaantSD 7.3642.55 7482348 69243 42 29812 36 2712253  AKow (ngrhomi)
Madian 8.00 ao0g 7.00 275 250 MoantSD 14524 01 108724 05 10 942309 0975180 -0.5021 .68
Median 10.97 1028 10,18 :
n_.k D' PR c_,_ J _ A . 435 016
Estrone ange - L J
Cora ingimL)
AUCq.24 {perhomi) .
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Pharmacokinetic Results After Multiple-Dose Administration:

Non-dosed Subjects
Unadjusted Bassline Adjusted
i N2ty (N=24)
Paramelers {N=24) Washed Not Washed Washed Not Washed
Esirackol
AUCq24 (pgshrimi)
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None of the AUC(o-24) values for Ey, E;, and E, sulfate for the naive patients after single and multiple
dosing were statistically increased from baseline value. None of the corresponding Coax values for the
naive patients were statistically different from the baseline value with the exception of the value for E;
sulfate during the non-washed period, where the difference from baseline was negative. These results
suggest that there was either no transfer of the E; gel or the transferred E; gel did not significantly
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increase the E; exposure from baseline in the non-dosed subjects after 15 minutes skin-to-skin contact
with dosed subjects.

The sponsor confirmed via NDA 21-166 N-000-BM on January 15, 2004 that the formulation used in
Study UMD-01-078 was the to-be-marketed formulation.

17. What are the relative BA of ESTROGEL® from different application sites?

Study UMD-00-073 examined the relative BA of the topical E; gel from 3 application sites in this
single-dose, 3-period, crossover study. Forty eight randomized healthy postmenopausal women
percutancously applied 1.25 g of 0.06% E; gel to the surface of: 1 arm (wrist to shoulder; reference),
lower abdomen (waistline to proximal pubic bone and from side to side to the hip bones), and 1 inner
thigh (knee to top of thigh) in 3 different occasions. A 14-day washout separatcd each occasion.
Serial plasma samples were collected for 96 hours postdose to determine E; and E, and E, sulfate
concentrations. Prior to venipuncture, the sampling sites were washed with soap and water and dried
thoroughly. Alcohol wipes were not used to cleanse the sampling sites. The phlebotomist put on fresh
gloves before collecting blood samples from subjects.

Mean (F5E) Concentration-Time Profile: Concentration-Time Profile; Unadjusted Estradiol

Unadjusted Estradiol (With the 18-Hour Time Point for Subject No. 00025 Omitted)
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The sponsor did not calculate the PK parameters for E;, E;, and E, sulfate due to the number of plasma
drug concentrations that were below the LOQ. As an example, the following table shows the time
points at which plasma E; concentrations were above the LOQ in 2-third of the subjects for all
samples.
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Summary of Unadjusted Estradiol by Application Site and Time Point: Time Points
With =32 Subjects With Values >LOQ |

Time Point Unadjusted Esiradiol (pg/mL) !
Application Site (Hour) N MeaniSD Median Range CV (%) :
Arm 18 45 26.221456.198 14.10 E 2i4.32
24 44 17.447£13.881 12.50 79.56
43 40 12.87649.749 10.05 75.71
72 32 10.155410.410 7.34 102.51§
Abdomen 13 36 12.588+12.222 8.19 97.10
24 33 11.3014+6.705 9.20 5933 °
Inner thigh L 38 15.304+13.490 9.96 85.14

3J

Application of 1.25 g 0.06% E; gel to the arm, abdomen, and inner thigh resulted in small elevation of
plasma E; concentrations from baseline. Application to the arm resulted in higher elevation of plasma
E; concentrations than those applying to abdomen and inner thigh. Study UMD-00-073’s observed
plasma E; concentrations were lower than those for Study S1661002 (Question 12 above).

Study UMD-01-078 used the to-be-marketed E; gel formulation. The formulation used in Study
UMD-00-073 was the same formulation used in Study UMD-01-078 (same strength, batch, lot, and
expiration date).

The sponsor conducted Study UMD-00-073 to seek alternative application sites, The pivotal Studies
CV141-001 and CV141-002 used the arm from wrist to shoulder as the application site. The
application site on the proposed product labeling is also the arm from wrist to shoulder.

18. Why would about 2000 cm® of skin area (wrist to shoulder) be needed for ESTROGEL®

administration?

Study 92 OGEL 01 compared the effect of different surface area of OESTROGEL® topical application

on E; BA. Twelve healthy postmenopausal women participated in this randomized, multiple dose

crossover study. Each woman applied daily 2.5 g OESTROGEL® for 7 days on 3 areas with at least 1-

week washout separating each treatment:

A. 750 cm’ precisely measured and clearly identified on the upper part of both arms delimiting an area
of 375 cm” per arm.

B. 1,500 cm’ precisely measured and clearly identified on both arms delimiting an area of 750 cm” per
arm.

C. Application on both arms, forearms, and shoulders without precisely delimiting the surface area in

advance. The actual surface area of application was measured to be 2,310 + 174 e¢m? (mean + SD).

Study 92 OGEL 01°s report stated that surface area C was about 2250 cm? throughout the report,

volume 1.12 of 1.83. However, the sponsor’s Human Pharmacokinetics and Bioavailability summary

on study 92 OGEL 01 stated that surface arca C was 2,310+ 174 cm’, volume 1.11 of 1.83.

The E; gel used in Study 92 OGEL is the to-be-marketed formulation (per NDA 21-166 N 000 BZ,
June 16, 2003). Plasma E; and E, concentrations were measured via RIA after C

4 Study 92 OGEL 01’s report did not state
whether the results in the table below was baseline adjusted or unadjusted.
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Influence of the Skin Surface Area on E; Transdermal Absorption

Skin Surface Area
Parameter A B (o4

750 cm’ 1500 cm’ ~2310 em®
Cmax” (pg/mL) 172.7 + 186.8 206.8 + 168.3 250.3 + 167.3
AUC(0-24Y (pgehr/mL) | 1519.2 £878.7 | 1911.0+ 1128.7 | 2674.0 + 1500.9
Cave® (pg/mL) 6331366 796+47.0 1114+ 625
CV of AUC{0-24) 57.8% 58.1% 56.1%
Estradiol/Estrone 0.69 0.77 1.00

* Cmax = Maximum plasma concentration
* AUC{0-24) = Area under the plasma concentration vs time curve, from time 0 ta 24 hours
‘ Cave = Mean average plasma concentralion avar a dosing inlerval

Since 2.5 g OESTROGEL® was used for all 3 treatment groups, the thickness of the gel on skin was
inversely related to the surface area of application. Based on the E; AUC(0-24)s, the maximum E; BA
was associated with the largest surface area of application. Decreasing the surface of application by
35% to 1,500 cm’ resulted in no statistically significant decrease (p > 0.05) in BA. However, a
statistically significant decrease (p < 0.05) in mean AUC{0-24)s was observed when the surface of
application was reduced from surface area C (2,310 cm®) to A (750 cm®). No statistically significant
difference (p > 0.05) in BA was observed when the surface area was decreased from 1,500 to 750 cm’,
Hence, ESTROGEL® absorption depended on application surface area. E; inter-individual coefficient
of variation was about 57% and E; intra-individual coefficient of variation was about 50%, irrespective
of the application surface area.

19. Why does the fowest ESTROGEL® dose not work?

Study S1661003 (question 13 above) showed that average plasma E; concentrations at steady-state
ranged from 19.08 to 21.37 pg/mL upon the administration of 1.25 g of 0.03% or 0.625 g of 0.06%
ESTROGEL®. This average plasma E, concentration range for the lowest ESTROGEL® dose (0.375
mg) tested is below the average serum E; concentration of 27 pg/mL upon administration of 1 low
dose E; transdermal therapeutic system (FEMPATCH?®, 0.025 mg Ey/day 7-day, PDR 1998 ed. p2100).
Moreover, study CV141-002 (question 12 above) showed that median serum E; concentrations at
Weeks 4 to 12 ranged from 23.5 to 29.5 pg/mL for 1.25 g of 0.03% ESTROGEL®, 31.0 to 42.0 pg/mL
for 1.25 g of 0.06% ESTROGEL®, and 59.5 to 70.0 pg/mL for 2.5 g of 0.06% ESTROGEL®. The
sponsor claimed that unexpectedly high serum E; concentrations were observed in study CV141-002.

20. How does the PK of ESTROGELS® differ in special populations?

The sponsor did not study ESTROGEL® in any special populations such as obese, ethnic, renally and
hepatically impaired patients. However, the sponsor attempted to use non-linear mixed effect
modeling (NONMEM) techniques to analyze the serum E; and E; concentrations data for Studies
CV141-001 and CV141-002. The observed high serum E; concentrations (> 500 pg/mL) prevented
further NONMEM analysis or stratification with selected demographic variables.

21. What are the proposed in vitro method and specifications for ESTROGEL®?

The sponsor did not propose any in vitro E; release method nor specifications for ESTROGEL® per
NDA 21-166 N 000 BZ on June 16, 2003. Per End of Phase I meeting request, the sponsor conducted
Study 9566.01.01 to compare the in vitro rclease characteristics between the Bristol-Meyers Squibb
ESTROGEL® formulation (0.06% E,, L. 7} cthanol; lot B94D001-1; designated as site 1 Estrogel®)
and the Besins Iscovesco ESTROGEL® formulation (0.06% E;, U 7T ethanol; lot 324; designated as
site 2 Estrogel®). In vitro release method for Study 9566.01.01 follows:

20



Apparatus: C

a

Receptor: 7 mL at 32 + 2°C

Receptor medium: © 1 ethanol in water

C J rpm (per NDA 21-166 N 000 BZ, June 16, 2003)

Weight of ESTROGEL® tested: about 350 mg

Amount of E; released to the receptor medium was analyzed via validated HPLC method. The sponsor
plotted the mean cumulative E; released (1g) versus square root of time (minute'?).

Fstradial Release from Site 1 & Sita
Membrane: [_ 'j dedivm: £ T viv Ethanof in W ater

Cumulstive esyadiol released
(1)}

Sqrt minute

Individual slopes of these plots were estimated and provided in the January 21, 2000 NDA 21-166 B2
amendment. The 8" and 29" ordered individual ratios of the slope for the Bristol-Meyers Squibb
ESTROGEL® formulation over the slope for Besins Iscovesco ESTROGEL® formulation were the
lower and upper limits, respectively, of the 90% confidence interval for the ratio of the median in vitro
release rate (slope) for the Bristol-Meyers Squibb ESTROGEL® formulation over the median in vitro
release rate (slope) for Besins Iscovesco ESTROGEL® formulation. The confidence interval was 92.8
- 110.3% for the slope estimate that included 3 time points (10.95, 15.49, and 18.97 min'?) and 85.1 -
106.6% for the slope estimate that included 5 time points (10.95, 15.49, 18.97, 21.91, and 24.49
min'?). Both confidence intervals fell within the 75 - 133.33% limits per Nonsterile Semisolid Dosage
Forms Guidance. Therefore, the in vitro E; release rate for the Bristol-Meyers Squibb ESTROGEL®
formulation was similar to the in vitro E; release rate for Besins Iscovesco ESTROGEL® formulation.

The sponsor determined the E; solubility in —  v/v ethanol aqueous solution as 309.1 ug/mL. The
amount of ESTROGEL® applied on the © 1 membrane of each T 1 ell was about 350
mg. Therefore, 210 ug E>/350 mg (0.06% w/w E) ESTROGEL® would be the maximal theoretical E;
amount released to the receptor medium. The receptor volume was 7 mL. Hence, the maximal
theoretical E; concentration in the receptor medium would be 30 pg/mL. Sink condition ( — of Ez
solubility in receptor medium; 309.1 pg/mL x 0.2 = 61.8 ug/mL) needed to be maintained in order for
the in vitro release system to be valid. Per Nonsterile Semisolid Dosage Forms Guidance, in vitro
hydroalcoholic receptor release medium for sparingly water soluble drugs is appropriate. Solubility of
E;is — mg/dL in 0.05 I phosphate buffer at 37°C and — 2/dL in — v/v ethanol at 40°C
{Analytical Profiles of Drug Substances, 15:283 1985). Although the - — v/v ethanol does not
resemble physiological medium, the sponsor’s justification (page 035 of the January 21, 2000 NDA
21-166 B2 amendment) for the ~— /v ethanol in water as the receptor medium to assess the
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sameness of E, release between the Bristol-Meyers Squibb ESTROGEL® formulation and the Besins
-Iscovesco ESTROGEL? formulation 1s acceptable.

Lack of proposed in vitro E; release test and specifications for ESTROGELP is acceptable per
Nonsterile Semisolid Dosage Forms Guidance (the development and validation of an in vitro release
test are not required for semisolid drug products’ NDA approval). However, the sponsor is encouraged
to develop an in vitro estradiol release test and define the estradiol release specifications for '
ESTROGEL® postapproval changes evaluation.

22. What are the ESTROGEL® Clinical Pharmacology section labeling comments?

The following comments are based on the proposed labeling (relevant for clinical pharmacology)
submitted on December 10, 2003, the 1E Rev 11/2003 version. Strikethrough text means
recommended deletion. Single underscore text means recommended addition. Double underscore text
means annotation for the recommendation and does not need to be communicated with the sponsor.
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